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forced concrete arches, as well as those of stone and brick, the line of resistance should be made to fall within the middle third of the section, in order that no tensile stresses may be developed. If all the loads to act on the sewer were known exactly, it would be possible to design the section so that the line of resistance would he within the middle third at all points The loads caused by the action of earth pressure and live loads can only be approximated, however, and under special conditions the stresses in the arch section may not be entirely due to direct compression, but, in addition, bending stresses may be developed.
Arches of reinforced concrete are not subject to the limitations just mentioned but can be made to withstand heavy bending moments by reinforcing the section with steel bars to carry tensile stresses. In arches in which the line of resistance lies within the middle third, the stresses in the arch are mainly due to compression, and the concrete must of necessity carry the principal part of the load, in which case the steel will not be stressed to the allowable limit. The presence of the steel reinforcement is of considerable value, however, even in such cases. The steel furnishes an insurance to the structure, to care for tensile stresses which may occur on account of unequal settlement of the foundations, temperature changes, and many other conditions, of which the designer can have no exact knowledge. The steel affords an additional factor of safety against careless and defective construction On account of its presence, it is possible to increase slightly the allowable working stresses in the concrete over those which should be used for unremforced concrete masonry. Because of these considerations, the authors believe that, for large sewer arches, reinforced concrete offers greater advantages than unreinf orced concrete, even though an analysis of the section may show that the line of resistance for tho conditions considered will he within the middle third of the masonry section. An inspection of the analyses given in Chap XIV will show how groat n change may occur in the theoretical location of the line of rosistanoo due to a change in the assumed conditions
Since cracks in reinforced concrete, which might permit moisture to reach the reinforcing steel, would be likely to result in corrosion, particular care should be taken to provide sufficient steel properly placed to ensure against such cracks.
A comparison of alternate types of sewers should be made on a basis as comparable as possible, particularly if competitive bids are to be taken. Figure 141 shows typical circular sections of equal diameter designed with this point in mind, but even in these designs, it is doubtful if the sections have equal strength or equal carrying capacity. Nearly equal carrying capacity can be obtained by varying the sewer area to correspond with the variation in coefficient of roughness for the several types